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(57) ABSTRACT

A method for producing a liquid crystal panel by forming a
plurality of liquid crystal sealing-in areas between a trans-
parent pair of large-area substrates and dividing the liquid
crystal sealing-in areas 1nto separate liquid crystal sealing-in
areas. The method includes (A) forming transparent elec-
trodes which form a plurality of liquid crystal panels on a
surface of each of the large-area substrates, (B) forming
scals, each of which surround the transparent electrode
required to form one liquid crystal panel, on one of the
large-area substrates in order to form liquid crystal injection
openings, and forming liquid crystal injection openings in
the seals, (C) bonding together the large-area substrates such
that their transparent electrodes face each other, with the
seals interposed therebetween, (D) removing a portion of
onc of the pair of large-area substrates such that the liquid
crystal injection opening is exposed to the outside, (E)
injecting liquid crystal into the liquid crystal sealing-1n arca
through the liquid crystal injection opening exposed to the
outside, and then sealing the liquid crystal injection opening
with a sealing agent, and (F) dividing the pair of large-area
substrates 1into separate panels after the liquid crystal injec-
tion. According to this method, liquid crystal 1njection can
be performed without completely cutting the large-area
liquid crystal panel so that the production steps are simpli-

fied.

18 Claims, 18 Drawing Sheets
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METHOD FOR PRODUCING A LIQUID
CRYSTAL PANEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention broadly relates to a method for producing
a liquid crystal panel. More particularly, the invention
relates to a method for producing a liquid crystal panel 1n
which a plurality of liquid crystal panels are produced by
cutting a large-area liquid crystal panel having a plurality of
liquid crystal sealing-in areas formed between a pair of
large-area substrates.

2. Description of Related Art

In a known conventional method for producing a liquid
crystal panel, a large-area liquid crystal panel 1s formed by
forming a plurality of liquid crystal sealing-in areas in a
plane between a pair of large-area substrates, and the large-
arca liquid crystal panel 1s cut into a plurality of hquid
crystal panels. FIGS. 28 to 31 schematically illustrate the
conventional method for producing a liquid crystal panel.

Referring to FIG. 28, for example, predetermined wirings,
transparent electrodes, and active elements are formed on
the 1nside faces of two transparent substrates 101 and 104,
cach of which 1s made of glass, followed by coating of
orientation films. Then, seals 106 are printed on either one
of the transparent substrates 101 and 104 to form liquid
crystal sealing-in areas 117, followed by bonding of the
transparent substrates 101 and 104 using the seals 106, as
shown 1n FIG. 28, thereby forming a large-area empty panel
110 with the plurality of liquid crystal sealing-in areas 117
arranged 1n a plane. A liquid crystal injection opening 1064
1s formed 1n each liquid crystal sealing-1n area 117 bordered
by its associated seal 106.

Thereafter, cuts or grooves 108 are scribed in the surfaces
of the transparent substrates 101 and 104. Two parallel
scribed grooves 108 cach are formed along the direction of
arrangement of the liquid crystal injection openings 1064, of
which one of each pair crosses the liquid crystal injection
openings 106a. When pressure 1s applied to the vicinity of
these scribed grooves 108 to cut the transparent substrates
101 and 104, the large-area empty panel 110 1s cut into
rectangular intermediate-area empty panels 10a, with the
liquid crystal mjection openings 106a and the connecting
terminals 120a exposed to the outside, as shown 1n FIG. 29.

From the liquid crystal mjection openings 1064, liquid
crystal 1s injected into the intermediate-area empty panels
110a, atter which the liquid crystal injection openings 1064
are sealed. This forms 1ntermediate-area liquid crystal pan-
cls with the liquid crystal layer sealed 1n the liquid crystal
scaling-in arecas 117. Thereafter, as shown in FIG. 30,
ogrooves 118 are scribed on each of the mtermediate-arca
liquid crystal panels 110a. The scribed grooves 118 divide
the intermediate-area liquid crystal panels 110a according to
the 1ndividual liquid crystal sealing-in arecas 11, and allow
connecting terminals 1205 formed on the inside surface of
the transparent substrate 101 to be exposed to the outside so
as to extend from the sides of the liquid crystal sealing-in
arcas 117. Applying pressure to the vicinity of these scribed
ogrooves 118 to cut the intermediate-area liquid crystal panels

110a results 1n the production of individual liquid crystal
panels 119, as shown 1n FIG. 31.

In the above-described conventional method for produc-
ing a liquid crystal panel, however, 1t 1s necessary to cut the
large-area empty panel 110 (FIG. 28) into intermediate-area
empty panels 110a (FIG. 29), and to further cut the
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2

intermediate-area liquid crystal panels 110a formed by fill-
ing the intermediate-arca empty panels 110a with liquid
crystal into the individual liquid crystal panels 119, so that
it 1s necessary to prepare producing devices and panel j1gs in
correspondence with the large-area empty panel 110, the
intermediate-area empty panels or the intermediate-arca
liquid crystal panels 1104, and producing devices, inspection
devices, and panel jigs for the individual liquid crystal
panels. This results 1n higher facility costs and more com-

plicated steps.

Liquid crystal panels of different standards that are con-
structed with different dimensions may be formed in the
large-area empty panel. In such a case, the intermediate-arca
empty panels and individual liquid crystal panels formed by
dividing the large-area panel have different structures and
dimensions, which results 1n more sophisticated step control
and thus increased production costs.

In addition, since the large-area panel 1s completely cut
during the production process, pieces of glass flies from the
cut portions of the cut panel, so that, for example, the pieces
of glass stick onto the surfaces of the connecting terminals
120a and 12056 1n the liquid crystal panels 119. This gives
rise to the problem of poor connection when, for example,
connecting integrated circuits and flexible substrates to the
connecting terminals 120a and 1205.

In view of the above-described problems, an object of the
invention 1s to provide a method for producing a liquid
crystal panel, which allows a large-area empty panel to be
successively processed, without cutting 1t completely during
the liquid crystal panel producing process, thereby reducing
production costs such as facility costs and control costs, and
preventing the production of defective products due to flying
pieces of glass.

SUMMARY OF THE INVENTION

To these ends, according to the invention, there 1s pro-
vided a method for producing a liquid crystal by forming a
plurality of liquid crystal sealing-in arecas between a pair of
large-area substrates, at least one of the substrates being a
light-transmitting substrate, and cutting the plurality of
liquid crystal sealing-in areas 1nto separate areas, the method
comprising:

(1) an electrode forming step in which transparent elec-
trodes required to form a plurality of liquid crystal
panels are formed an a surface of each substrate of the
pair of large-area substrates;

(2) a seal forming step performed on the electrode-formed
surface of one of the pair of large-area substrates, 1n
which a plurality of seals, each of which surround the
transparent electrode required to form one liquid crystal
panel, are formed to form the plurality of liquid crystal
sealing-in areas, and liquid crystal injection openings
are formed 1n each of the seals;

(3) a substrate bonding step in which the pair of large-area
substrates are bonded together such that the transparent
clectrode of one large-area substrate faces the transpar-
ent electrode of the other of the large-area substrates,
with the seals interposed between the substrates;

(4) a substrate removing step in which a portion of one of
the pair of large-arca substrates bonded together is
removed such that at least one of the liquid crystal
injection openings 1s exposed to the outside;

(5) a liquid crystal sealing-in step in which liquid crystal
1s mjected nto the liquid crystal sealing-1n area through
the liquid crystal injection opening exposed to the
outside, and then the liquid crystal injection opening 1s
sealed; and

(6) a panel dividing step in which the pair of bonded
large-arca substrates are divided into separate liquid
crystal panels after the liquid crystal 1njection.
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In the above-described method for producing a liquid
panel, at the time the liquid crystal 1s 1njected 1nto the liquid
crystal sealing-in area from the liquid crystal 1njection
opening, one of the transparent substrates of the pair of
large-area substrates 1s not cut so that i1t remains a continu-
ous large-area substrate. In the liquid crystal sealing-1n step,
the large-area transparent substrate 1s set 1n a device, and the
liquad crystal 1s injected into all of the liquid crystal sealing-
in arcas by, for example, the dropwise injection method,
followed by sealing of the liquid crystal injection openings
with a sealing agent. Thereafter, the large-area transparent
substrate 1s divided to form individual liquid crystal panels.

According to the method for producing a liquid crystal
panel, after cutting out a portion where the liquid crystal
injection opening 1s formed in one of the pair of opposing
transparent substrates with the plurality of liquid crystal
scaling-in areas, liquid crystal 1s 1mjected into the liquid
crystal sealing-in area, after which the pair of transparent
substrates are cut into individual liquid crystal cells. For this
reason, when the liquid crystal 1s mjected into the liquid
crystal sealing-in area from the liquid crystal injection
opening, 1t 1s possible to set the large-area transparent
substrate containing the plurality of liquid crystal panel
sections 1n a device, and inject the liquid crystal into all of
the panel sections with, for example, the dropwise 1njection
method. As a result, the liquid crystal injection step 1is
simplified in the producing method of the mmvention com-
pared to the conventional producing method where the
liquid crystal must be 1njected 1nto each of the individual
liquid crystal panels cut from the large-arca transparent
substrate. In addition, it no longer becomes necessary to use
a special device for carrying out the liquid crystal 1njection
step. Further, 1t 1s possible to produce 11q111d crystal panels
of different standards with different sizes on exactly the
same production line, thus making 1t unnecessary to prepare
liquad crystal sealing-1n devices 1n accordance with different
liquid crystal panel standards.

Liquid crystal panels can roughly be divided into active
type liquid crystal panels and simple matrix type liquid
crystal panels. The active type liquid crystal panel 1s one that
has an active element provided for every pixel or dot, 1n
which during the writing period the active element 1s turned
on to write data 1n terms of a voltage, while it 1s turned oft
during the other periods 1n order-to maintain the voltage.
Examples of active elements include metal-insulator-metal
(MIM) elements and thin film transistor (TFT) elements. On
the other hand, the simple matrix type liquid crystal panel,
which 1s of the type having drive signals applied thereto,
does not have an active element for every pixel, but has
scanning clectrodes and data electrodes that intersect each
other to form intersections that correspond to the pixels or
dots.

The active type liquid crystal panel and the simple matrix
type liquid crystal panel can both be produced by the method
for producing a liquid crystal panel of the invention. When
the 1nvention 1s applied to the production of active-type
liquid crystal panels, it 1s necessary to perform an active
clement forming step to form an active element group on the
surface of the transparent substrate in order to connect the
oroup with the transparent electrode formed on the trans-
parent substrate surface for electrical conduction.

In another embodiment of the mmvention, the aforemen-
tioned pair of large-arca substrates are glass substrates. In
the above-described substrate removing step, a cut 1s formed
on a surface of one of the glass substrates, and pressure 1s
applied to the surface cut in order to further cut the cut
portion, whereby a portion of one of the large-area substrates
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1s removed. In this case, the cut 1s formed on the surface of
onc of the glass substrates by, for example, rotating a
roller-like carbide blade as 1t presses against the surface of
the substrate. The roller-ike carbide blade 1s commonly
called a scriber.

In still another embodiment of the invention, the seal
forming step can be performed by forming a plurality of
scals such that the liquid crystal injection openings are
arranged 1n straight lines. In such a case, the substrate
removing step can be performed by forming two linear cuts
along the direction of arrangement of the plurality of liquid
crystal 1injection openings disposed linearly, and removing a
long-and-narrow portion bordered by the surface cuts from
onc of the large-area substrates.

In one embodiment, the long-and-narrow portion 1s
removed from the transparent substrate in order to form an
clongated groove 1n correspondence with the long-and-
narrow portion 1n the transparent substrate. The liquid
crystal 1njection openings of the liquid crystal scaling-in
arcas are exposed to the outside through the elongated
ogroove. In the liquid crystal ijection step, the liquid crystal
1s 1njected by dripping the liquid crystal at a location where
the liquid crystal injection opening is exposed to the outside
in the elongated groove. Thereatter, the large-area transpar-
ent substrate, which has not been cut, 1s cut to form
individual liquid crystal panels.

In still another embodiment of the present 1invention, the
substrate removing step can be performed by removing the
long-and-narrow portion from the large-area substrate, while
the panel sections on both sides of the long-and-narrow
portion are shifted away from the long-and-narrow portion.
After the substrate removing step, the seal hardening step 1s
performed to harden the seal.

In the this embodiment, the long-and-narrow portion can
be easily removed, since the panel sections on both sides of
the long-and-narrow portion are shifted and separated from
the long-and-narrow portion. In addition, the panel sections
can be smoothly moved, since the seal has not yet been
hardened.

In still another embodiment of the present mvention, two
surface straight-line cuts are formed to form tapering long-
and-narrow portion that tapers from narrow to wide from the
inner side to the outer side. According to this embodiment,
the long-and-narrow portion can be easily removed from the
fransparent substrate, without moving the panel sections
away from the long-and-narrow portion.

In still another embodiment of the imvention, the seal
forming step can be performed by forming two or more rows
of a plurality of seals arranged such that the liquid crystal
injection openings are disposed in straight lines, with the
liquid crystal openings of adjacent seals of different rows
facing each other. According to this embodiment, the liquid
crystal-injection step can be performed to imject liquid
crystal into two liquid crystal sealing-1n areas at the same
time by dripping the liquid crystal in a location where the
liquid crystal mjection openings face each other.

In still another embodiment of the invention, the substrate
removing step can be performed by cutting out and remov-
ing a window-shaped portion, mstead of an elongated
ogroove, from one of the pair of large-area substrates.
According to the this embodiment, this can limit the extent
of flow of the liquid crystal.

In still another embodiment of the invention, the seal
forming step can be performed by forming two or more rows
of a plurality of seals arranged such that the liquid crystal
injection openings are disposed in straight lines, with the
liquid crystal injection openings of adjacent seals of ditfer-
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ent rows facing each other. In the substrate removing step,
a window-shaped portion 1s cut out and removed from one
of the pair of substrates such that the opposing pair of liquid
crystal openings 1s exposed to the outside at the same time.
According to this embodiment, it 1s possible to mnject liquid
crystal to two liquid crystal sealing-1n areas at the same time
by dripping the liquid crystal in one window-shaped portion,
thus limiting the extent of flow of the liquid crystal.

In still another embodiment of the invention, a common
liquid crystal panel has a connecting terminal section,
extending out from around the liquid crystal sealing-in area,
that contain a plurality of connecting terminals therein that
are connected to the transparent electrode m the hquid
crystal sealing-in area. A liquid crystal driving IC 1s either
directly connected to the transparent electrodes or indirectly
connected thereto through, for example, a wiring substrate 1n
order to drive the transparent electrodes. A description will
now be given of embodiments of a method for producing a
liquid crystal panel that includes the formation of such a
connecting terminal section.

According to the invention, there 1s provided a method for
producing a liquid crystal by forming a plurality of liquid
crystal sealing-in areas between a pair of large-area
substrates, at least one of the substrates being a light-
transmitting substrate, and dividing the plurality of liquid
crystal sealing-in areas into separate areas, the method
comprising;:

(1) an electrode forming step in which transparent elec-
trodes required to form a plurality of liquid crystal
panels and a connecting terminal connected thereto are
formed on a surface of each substrate of the pair of
large-area substrates;

(2) a seal forming step performed on the electrode-formed
surface of one of the pair of large-area substrates, 1n
which a plurality of seals, each of which surround the
transparent electrode required to form-one liquid crys-
tal panel, are formed to form the plurality of hiquid
crystal sealing-in areas, liquid crystal injection open-
ings are formed 1n each of the seals, and connecting
terminal sections are formed around each of the liquid
crystal sealing-in areas;

(3) a substrate bonding step in which the pair of large-area
substrates are bonded together such that the transparent
clectrode of the one large-area substrate faces the
transparent electrode of the other large-area substrates,
with the seals interposed between the substrates;

(4) a substrate removing step in which a portion of one of
the pair of large-area substrates bonded together is
removed such that at least one of the liquid crystal
injection openings and at least one of the connecting
terminal sections are exposed to the outside;

(5) a liquid crystal sealing-in step in which liquid crystal
1s 1jected 1nto the liquid crystal seating-1n area through
the liquid crystal injection opening exposed to the
outside, and then the liquid crystal injection opening 1s
sealed; and

(6) a panel dividing step in which the pair of bonded
large-area substrates are divided into separate liquid
crystal panels after the liquid crystal 1njection.

According to this method, it 1s possible to open the liquid

crystal 1njection opening and to expose the connecting
terminal section to the outside, without completely cutting
the large-area panel, since only a portion of one of the
substrates 1s removed. Therefore, the liquid crystal injection
step and liquid crystal panel electrical tests can be performed
without completely cutting the large-area panel.
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Consequently, fewer liquid crystal panels need to be handled
during the production process, and even when the 1ndividual
liquid crystal panels vary 1n shape and size, a production line
can be formed, without using, for example, jigs, containers,
or devices, 1n correspondence with liquid crystal panels of
different shapes and sizes, as long as the sizes of the
large-area panels are standardized. As a result, 1t 1s possible
to reduce production costs and production time, ecasily
perform process control, and thus increase production effi-
ciency. In addition, even when thin substrate pieces are
produced when part of the substrate 1s being removed, the
large-area panel can be washed without cutting 1t, thereby
preventing the production of defective products due to
adhesion of the thin glass pieces. As a result, product yield
can also be increased.

In an embodiment of the above-described method of
producing a liquid crystal panel, the substrate removing step
comprises two separate steps of removing part of the large-
arca substrate such that at least one of the liquid crystal
injection openings 1s exposed to the outside, and removing
part of the large-area substrate such that at least one of the
connecting terminals 1s exposed to the outside.

According to the method, the above-described removing
steps are performed separately, so that the liquid crystal
injection opening and the connecting terminal section can be
more freely placed 1n a larger number of locations, and thus
to 1ncrease the processing efficiency of the large-area panel
having a plurality of liquid crystal panels with substantially
the same structure arranged thereon.

In another embodiment, an electrical test 1s performed
through the connecting terminal section exposed to the
outside between the liquid crystal sealing-in step and the
panel dividing step.

In another embodiment, the liquid crystal injection open-
ing and the connecting terminal section can be exposed to
the outside by removing the long-and-narrow portions of the
pair of the large-area substrates which intersect each other.
According to the method, since the long-and-narrow por-
tions to be removed are formed on the pair of substrates so
as to 1ntersect each other, the large-area panel 1s formed 1nto
a structure with parts that are parallel to and cross each other,
thus allowing a larger area to be removed from the substrate
since the area of removal extends in two directions.
Theretfore, less constraints are placed on the location and
structure of the individual liquid crystal panels 1n the large-
arca panel, and, 1n addition, a smaller number of portions
need to be removed with respect to the number of liquid
crystal panels arranged, thereby simplifying the substrate
removing step and thus allowing the step to be performed in
a shorter time.

In another embodiment, the pair of large-area substrates
are glass substrates. A cut 1s formed on a surface of one of
the glass substrates, and pressure 1s applied to the surface cut
in order to cut the cut portion, whereby part of one of the
large-area substrates 1s removed. This method 1s a more
realistic processing method and more easier to perform.

In this embodiment, 1t 1s preferable to remove part of the
large-area substrate with a gap formed around the portion to
be removed. Since part of the substrate 1s removed with a
cgap between the flanks formed by the cutting, the flanks rub
against each other less frequently due to contact, thereby
producing a smaller number of thin substrate pieces from the
flanks during cutting of the substrate.

In addition, 1t 1s preferable to form tapering surface cuts
such that the portion to be removed tapers from narrow to
wide from the inner side to the outer side, when removing
part of the substrate by forming the surface cut. Since the
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flanks formed by the cutting taper from narrow to wide
toward the surface substrate, it becomes easier to cut the
portion of the substrate to be removed, and reduce the
number of thin substrate pieces produced from the flanks
during the cutting of the substrate.

In still another embodiment, an electrical test can be
performed after connecting at least one electrical member,
such as, for example, an 1ntegrated circuit chip or a flexible
wiring plate, to a plurality of connecting terminals of a
connecting terminal section. According to the method, 1t 1s
possible to perform such tests as a liquid crystal display
driving test, without completely cutting the large-area panel,
with the electrical member connected to the mdividual liquid
crystal panels, thus further increasing the testing efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1illustrating a main step 1n an
embodiment of a liquid crystal panel producing method 1n
accordance with the invention;

FIG. 2 15 a perspective view 1llustrating another main step
in the embodiment;

FIG. 3 1s a perspective view 1llustrating another main step
in the embodiment;

FIG. 4 1s a section taken along line IV—IV of FIG. 1;

FIG. § 1s a perspective view 1llustrating still another main
step 1n the embodiment of FIG. 1;

FIG. 6 15 a section illustrating a step following the step of
FIG. 5;

FIG. 7 1s a perspective view 1llustrating a main step in
another embodiment of a liquid crystal panel producing
method 1n accordance with the invention;

FIG. 8 1s a perspective view 1llustrating a main step 1n still
another embodiment of a liquid crystal panel producing
method 1n accordance with the 1invention;

FIG. 9 1s a perspective view 1llustrating a main step 1n still
another embodiment of a liquid crystal panel producing
method 1n accordance with the invention;

FIG. 10 1s a perspective view showing a main step in still
another embodiment of a liquid crystal panel producing
method 1n accordance with the invention;

FIG. 11 1s an exploded perspective view illustrating the
substrate forming step and the substrate bonding step;

FIG. 12 1s a schematic view of an MIM element shown as
an example of an active element;

FIG. 13 1s a perspective view 1llustrating a main step of
still another embodiment of a liquid crystal panel producing
method 1n accordance with the 1invention;

FIG. 14 1s a perspective view 1llustrating another main
step 1n the embodiment;

FIG. 15 1s a perspective view of still another main step in
the embodiment;

FIG. 16 1s a perspective view of still another main step in
the embodiment;

FIG. 17 1s a perspective view showing the panel structure
turned upside down;

FIG. 18 1s a perspective view 1llustrating a step following
the step of FIG. 17;

FIG. 19 1s a flow chart of a liquid crystal panel producing,
method 1n accordance with the invention;

FIG. 20 1s a flow chart of another liquid crystal panel
producing method in accordance with the 1nvention;

FIG. 21 1s a flow chart of still another liquid crystal panel
producing method in accordance with the 1nvention;
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FIG. 22 15 a flow chart of still another liquid crystal panel
producing method 1n accordance with the 1invention;

FIG. 23 1s a section 1llustrating an example of the sub-
strate removing step;

FIG. 24 1s a section illustrating a step following the step
of FIG. 23;

FIG. 25 1s a section of another example of the substrate
removing step;

FIG. 26 1s a section illustrating a step following the step
of FIG. 25;

FIG. 27 1s a plan view of still another embodiment of a
liquid crystal panel producing method 1n accordance with
the mvention;

FIG. 28 1s a perspective view showing a main step of a
conventional liquid crystal panel producing method;

FIG. 29 1s a perspective view 1llustrating another main
step 1 the conventional liquid crystal panel producing
method; and

FIG. 30 1s a perspective view 1illustrating still another

main step of the conventional liquid crystal panel producing
method.

FIG. 31 1s a perspective view 1llustrating still another

main step of the conventional liquid crystal panel producing
method.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 11, indium tin oxide (ITO) is deposited
by sputtering onto one of the surfaces (the lower surface in
the figure) of an opposing substrate 1 formed from glass base
material that transmits light, followed by patterning to form
a plurality of transparent electrodes 2. The number of the
transparent electrodes 2 used depends on the number of
liquid crystal panels to be form. In this embodiment, the
number of transparent electrodes 2 required to form four
liquid crystal panels 1s used. Thereafter, an orientation film
3 1s form on each transparent electrode.

On the other hand, a plurality of linear and parallel wiring
layers 6 are formed on an element substrate 4 formed from
olass base material that transmits light, followed by forma-
tion of a plurality of transparent electrodes 7 between the
wiring layers 6, whereby element row groups 8 are formed.
The number of the element row groups 8 used also depends
on the number of liquid crystal panels to be formed. In this
embodiment, the number of element row groups 8 required
to form four liquid crystal panels are used.

The plurality of transparent electrodes 7 are disposed 1n a
matrix arrangement in each of the element row groups 8,
with each transparent electrode 7 forming one pixel. FIG. 12
1s an enlarged view showing the structure of the vicinity of
one transparent electrode 7. In the structure, tantalum (Ta) is
used to form a willing layer 6 and an MIM first electrode 9
on the element substrate 4, followed by formation of an
anodic oxidation film 11 on the first electrode 9 and forma-
tion of an MIM second electrode 12 on the anodic oxidation
film 11 using chromium (Cr). Accordingly, an MIM element
13 1s formed as an active element by the first electrode 9, the
anodic oxidation film 11, and the second electrode 12.
Thereafter, using I'TO, the transparent electrode 7 1s formed
on the front ends of the second electrode 12, with one
transparent electrode 7 forming a pixel. Then, the orientation
film 14 1s formed on the transparent electrode 7.

Thereafter, by screen printing, a seal 16 1s formed around
cach element row group 8 formed on the surface of the
clement substrate 4 with the transparent electrodes 7, that 1s
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at the outer edge of each liquid crystal panel. A portion of
cach seal 16 has an opening 16a serving as a liquid crystal
injection opening.

After the opposing substrate 1 and the element substrate
4 have been processed 1n the above-described manner, a
bead-like spacer 1s spread on the electrode surfaces of either
one of the substrates and the electrode surfaces of each of the
substrates 1 and 4 are disposed facing each other 1n order to
bond the substrates 1 and 4 together, resulting in formation
of a large-area empty panel, as shown in FIG. 1. In FIG. 1,
the area 17 surrounded by the seal 16 1s an area where liquid
crystal 1s filled 1n.

Thereafter, a linear cut or groove 18a 1s scribed on the
surface of the opposing substrate 1 so as to cross each liquid
crystal injection opening 16a. Another linear cut 18b 1is
formed parallel to the linear groove 18a. The linear cuts 18a
and 18b can be scribed by a scriber with a roller-like cutting
blade. FIG. 4 1s a section taken along line IV—IV of FIG.
1, 1n which a long-and-narrow portion 19 1s formed between
the two surface cuts 18a and 18b, with one panel section 15
of the opposing substrate 1 formed on each side of the
long-and-narrow portion 19.

Then, as illustrated 1n FIG. 5, a separating tool 21 with a
vacuum adsorption portion 1s contacted with the surface of
the narrow-and-long portion 19 1n order to adsorb the
narrow-and-long portion 19 by vacuum adsorption using the
separating tool 21. In the same way, the separating tools 22,
cach with a vacuum adsorption portion, are contacted with
the individual panel sections 15 and 15 1n order to adsorb the
panel sections by vacuum adsorption using the separating
tools. Then, the panel sections 15 and 1b are slid horizon-
tally 1n the directions of arrow B, respectively, away from
the narrow-and-long portion 19 by about 50 to 100 Am,
forming gaps between both sides of the narrow-and-long
portion. As shown 1n FIG. 6, with the narrow-and-long
portion separated from the panel sections 1o and 1b, the
separating tool 21 1s moved upward and away from the panel
sections 1b and 1b, that 1s the opposing substrate 1, whereby
the narrow-and-long portion 1s removed from the opposing
substrate 1. At this time, both of the panel sections 15 can be
slid smoothly, since the seals 16 have not yet hardened.

Thereafter, both of the panel sections 15 are moved back
to their original positions by moving the separating tools 22
back to their original positions, after which the seals 16 are
irradiated with ultraviolet light and thereby hardened.
Accordingly, as shown 1n FIG. 2, a large-arca empty panel
1s formed, with the narrow-and-long portion 19 removed. In
the empty panel, the liquid crystal injection openings 16a of
cach of the liquid crystal injection areas 17 are exposed to
the outside as a result of the removal of the long-and-narrow
portion 19.

Thereafter, in a vacuum, liquid crystal 1s dripped 1n the
vicinity of each of the liquid crystal injection openings 164,
and 1s 1njected 1nto each of the liquid crystal 1njection areas
17 as liquid crystal 23 1n an atmosphere. This method of
liquid crystal imjection 1s commonly called the dropwise
injection method. Thereafter, a sealing agent 24 1s used to
scal each liquid crystal injection opening, as a result of
which a large-area liquid crystal panel 1s formed. As shown
in FIG. 3, in correspondence with the size of one liquid
crystal panel, grooves 28a are then scribed 1n the opposing
substrate 1, followed by formation of grooves 286 m the
clement substrate 4. The predetermined number of liquid
crystal cells (four in this embodiment) are produced by
cutting the one large-area panel along the-scribed grooves.

According to this embodiment, at the time the liquid
crystal 1s injected from each liquid crystal injection opening
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16a mto each liquid crystal sealing-in area 17, n the hiquid
crystal inmjection step, the large-area liquid crystal panel
containing the plurality of panel sections when empty can be
set 1n a predetermined liquid crystal sealing-in device 1n
order to 1nject liquid crystal into all of the panel sections by
the dropwise 1njection method. Therefore, compared to the
conventional liquid crystal panel producing method 1n which
liquid crystal 1s injected mto each of the empty panels after
cutting of the large area empty panel into the individual
empty panels, the liquid crystal 1njection step becomes less
complicated, thus eliminating the need for a special liquid
crystal sealing-in device for the step. In addition, 1t is
possible to produce liquid crystal panels of various sizes on
exactly the same manufacturing line, producing liquid crys-
tal panels of different standards, without having to prepare
liquid crystal sealing-in devices 1n correspondence with the

various standards of the liquid crystal panels.

Although 1n the foregoing description, the opposing sub-
strate 1, rather than the other of the pair of substrates, was
the first one to be cut to expose each of the liquid crystal
injection opening 16a to the outside, the element substrate
may be the first one to be cut.

Although 1n the foregoing description, the MIM element
13 was formed as the active element, a TFT element may be
formed as the active element. In addition, 1t 1s obvious that
the invention can be applied when preparing a simple
matrix-type liquid crystal panel. In the matrix-type liquid
crystal panel, which 1s a panel that does not contain an active
clement for each pixel, the intersection portion of the
scanning clectrode and the data electrode correspond to a
pixel or dot, and a drive signal 1s directly applied to these
electrodes.

FIG. 7 1s a view 1llustrating a main step of a liquid crystal
panel producing method of another embodiment 1n accor-
dance with the invention. The embodiment differs from the
embodiment discussed above in that the inner side (lower
side in the figure) of the narrow-and-long portion 39 of the
opposing substrate 1 is narrower than the outer side (top side
in the figure) of the narrow-and-long portion, so that the
scribed grooves or the surface cuts 38a and 38b have
inclined or tapered faces. The other production steps are the
same as those of The embodiment of FIG. 2, so that they will
not be described below.

In this embodiment, since the scribed grooves 38 and 38bH
are tapered, the narrow-and-long portion 39 can be easily
and reliably removed from the opposing substrate 1 by
moving the narrow-and-long portion 39 in the direction of
arrow C, thus making it unnecessary to horizontally slide the
panel portions 15 and 1b on both sides of the narrow-and-
long portion 39.

FIG. 8 1s a view showing a main step 1 a liquid crystal
panel producing method of another embodiment 1n accor-
dance with the mvention. This embodiment differs from the
embodiment of FIG. 2 1n the following two ways. The first
difference 1s that when two of the four seals 16 are arranged
in a row to form a first row L1 and the remaining two seals
16 are arranged 1n a row to form a second row L2, so that
cach seal of L1 faces the seal of L2 adjacent thereto, the
liquid crystal mjection openings 16a of each seal 16 1n L1
and the seal 16 1n L2 adjacent thereto face each other. The
second difference 1s that the two scribed grooves 184 and
18b are formed so as to cross each of the liquid crystal
injection openings 16a of the facing seals 16. The other
production steps are the same as those in the foregoing
description, so that they will not be hereunder described.

According to this embodiment, it 1s possible to halve the
number of man hours needed for the task of dripping the
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liquid crystal 1n the liquid crystal sealing-in step by simul-
tancously dripping liquid crystal into the pair of opposing
liquad crystal sealing-1n areas 17.

FIG. 9 1s a view showing a liquid crystal panel producing,
method of another embodiment 1n accordance with the
invention. This embodiment of FIG. 2, a narrow-and-long
portion was cut out and removed from the opposing sub-
strate 1n order to expose the liquid crystal injection openings
16a of the liquid crystal sealing-in areas 17 to the outside.
In contrast to this, in the embodiment of FIG. 9, window-
shaped portions 16 are cut out and removed from the
opposing substrate 1 1n correspondence with the liquid
crystal injection openings 164 of the liquid crystal sealing-in
arcas 17. The window-shaped portions may be, for example,
square-shaped, rectangular, or circular. The other production
steps are the same as those of the embodiment of FIG. 2, so
that they will not be hereunder described.

When a narrow-and-long portion 1s removed from the
opposing substrate 1, as shown 1n FIG. 2, the liquid crystal,
dripped at the liquid crystal injection opening 16a, may flow
out along the outer periphery of the liquid crystal seal 16, but
the window-shaped portions do not allow the liquid crystal
to flow out 1n such a way, thus preventing the liquid crystal
from being wasted.

FIG. 10 1s a view showing a liquid crystal panel producing,
method of another embodiment in accordance with the
invention. This embodiment differs from embodiment of

FIG. 2 as follows:

(1) The liquid crystal injection openings 164 of the liquid
crystal sealing-in areas 17 are 1n different seal rows,
forming pairs of openings, facing each other, and

(2) Window-shaped portions are cut out and removed
from the opposing substrate 1 1 the form of common
window portions 26 that allow the opposing liquid crystal
injection openings 16a of each pair of the openings 16a to
be exposed to the outside at the same time. The other
producing steps are the same as those of the embodiment of
FIG. 2, so that they will not be described below.

In the this embodiment, a liquid crystal 1s dripped 1nto the
window-shaped portions 26 in a vacuum, and then the liquid
crystal 1s 1njected 1nto the liquid crystal-sealing-in areas 17
in an atmosphere, followed by sealing of the liquid crystal
injection openings 16a with a scaling agent. Thereafter, the
liquid crystal panel sections are cut one at a time from the
liquid crystal panel. According to the embodiment, it 1s
possible to halve the number of steps required for the liquid
crystal sealing-in step, since liquid crystal can be injected
into two liquid crystal sealing-in arecas 17 using only one
window-shaped portion 26.

As described with reference to FIG. 28, in a commonly
used liquid crystal panel, a connecting terminal section 1s
formed around the liquid crystal scaling-in area so as to
protrude out from the area, and the plurality of connecting,
terminals formed within the connecting terminal section are
connected to the transparent electrodes 1n the liquid crystal
scaling-in areas. An IC for driving the liquid crystal 1s either
connected directly to each connecting terminal or indirectly
connected to each connecting terminal through, for example,
a wiring substrate 1n order to drive the transparent elec-
tfrodes.

Although, the aforementioned connecting terminal was
not discussed in the previous embodiments described with
reference to FIGS. 1 to 10, this does not mean that such a
connecting terminal 1s not used in each of the previous
embodiments. The connecting terminal was not shown 1n the
ficures and was not described only for the sake
of-simplifying the description. More specifically, FIGS. 1 to
10, do not show the connecting terminal.

10

15

20

25

30

35

40

45

50

55

60

65

12

In the description of the liquid crystal panel producing
method of Embodiment 6 below, the connecting terminal
will also be discussed. More specifically, another embodi-
ment 1s carried out, for example, by following the steps
shown 1 FIG. 19.

In Step P1, wirings, electrodes, active elements, orienta-
tion films, and so forth are formed on the inner faces of
transparent substrates. More specifically, as shown 1 FIG.
13, wiring layers and transparent electrodes (not shown) are
formed 1n a predetermined pattern on the inner faces of
transparent substrates made of such material as glass, that is
on the iner faces of substrates 1 and 4 that transmait light.
The active element, such as a metal-insulator-metal (MIM)
clement or a thin film transistor (TFT) element, may be
formed on the surface of either one of the transparent
substrates 1 and 4, when necessary.

In general, the substrate onto which the active element 1s
formed 1s the transparent substrate 4 to which 1s also formed
a connecting terminal section 20a described later. A plurality
of connecting terminals are formed in the connecting ter-
minal section 20a. The wiring layer pattern formed on the
substrate 4 1s connected to the connecting terminals 1n its
assoclated connecting terminal section 20a. A connecting,
terminal section 205 1s formed on the opposing substrate 1
that opposes the substrate 4. A plurality of connecting
terminals, formed 1n the connecting terminal section 2050, are
connected to the wiring layer formed on the opposing
substrate 1.

An orientation film, formed from polyimide resin or other
material that orients the liquid crystal, 1s applied to the inner
surface of either the opposing substrate 1 or the substrate 4,
followed by rubbing in a predetermined direction.

Then, 1n Step P2 of FIG. 19 1n which a seal 1s formed, a
scal 16, composed of ultraviolet-curing resin, 1s screen-
printed onto the inner surface of either one of the opposing
substrate 1 and the substrate 4 so as to border a liquid crystal
scaling-1n area 17. A liquid crystal injection opening 164 1s
formed 1n the part of the liquid crystal sealing-in area 17 not
screen-printed with the seal 16.

Thereafter, in Step P3 of FIG. 19 1n which the substrates
are bonded together, a spacer 16 for maintaining the hiquid
crystal layer to a uniform thickness 1s spread on the 1nner
surface of either the opposing substrate 1 or the substrate 4,
whichever has the seal 16 screen-printed thereon. Then, the
opposing substrate 1 and the substrate 4 are bonded together,
with the seal 16 disposed therebetween.

In Step P4, the secal 1s hardened by irradiating 1t with
ultraviolet light, while the distance between the opposing
substrate 1 and the substrate 4, that 1s the size of the cell gap
1s maintained with high precision, whereby a large arca
empty panel 30, shown in FIG. 13, 1s produced. The liquid
crystal sealing-in arcas 17, and the connecting terminal
sections 20a and 20b associated with their respective liquid
crystal sealing-in arcas 17 are formed on the large-arca
empty panel 30 1n a predetermined arrangement. FIG. 13
shows a simplified large-area empty panel 30 with four
liquid crystal sealing-in areas 17 arranged vertically and
oriented 1n the same direction. The liquid crystal 1njection
openings 16a are disposed on the same side of their respec-
tive liquid crystal sealing-in areas 17.

In Step P35 of FIG. 19 1n which the liquid crystal injection
openings are removed, two cuts 18a and 18b are scribed on
the outer surface of the opposing substrate 1 using a scriber
along the direction of arrangement of the liquid crystal
injection openings 16a of the liquid crystal sealing-1n areas
17. The scribed cut 18a crosses each of the liquid crystal
filling opening 16a. As shown 1n FIG. 23, the scribed cuts
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18a and 18b are formed parallel to each other so as to be
spaced apart by a predetermined distance.

The opposing substrate 1 1s cut along the scribed cuts 184
and 185 by applying pressure along the portion of the
surface of the opposing electrode 1 with the scribed cuts 18a
and 18b, using, for example, a roller, or by adsorption using
a separating tool, which 1s described later. As shown in FIG.
24, a separating tool 21 with a vacuum adsorption section 1s
used to adsorb the surface of a long-and-narrow portion 19
bordered by the scribed cuts 184 and 185 on the opposing
substrate 1. On the other hand, separating tools 22 each with
a vacuum adsorption section are used to adsorb the surfaces
of the panel sections 15 and 1b disposed on both sides of the
long-and-narrow section 19. During adsorption, the long-
and-narrow portion 19 and the panel sections 15 and 15 are
subjected to an external force, causing the long-and-narrow
portion 19 and the panel sections 1b to split and separate.

In this condition, the left and right separating tools 22 and
22 are used to shide the panel sections 1b and 1b about 50 to
100 Am outward 1n the direction of arrow B so as to intersect
the direction of the scribed cuts 184 and 18b, thus forming
cgaps at the flanks of the long-and-narrow portion 19. Alter
the panel sections 1b and 1b are slightly spaced apart from
the long-and-narrow portion 19, the separating tool 21
removes the long-and-narrow portion 19 by raising 1t
upward. Accordingly, 1t 1s possible to prevent pieces of glass
from being produced during separation of the long-and-
narrow portion 19 from the panel sections 15 and 15, when
gaps are formed at the flanks.

As can be understood from the foregoing description,
removing the long-and-narrow portion 19 from the large-
areca empty panel 30 (FIG. 13) produces a large-areca empty
panel 30a 1 which long-and-narrow portions have been
removed from the opposing substrate 1. Removal of the
long-and-narrow portions 19 causes the liquid crystal injec-
tion openings 164 of the liquid crystal sealing-1n areas 17, as
well as the connecting terminal sections 20a to be exposed
to the outside at the same time.

In Step P6 of FIG. 19 in which the connecting terminal
sections are removed, a plurality of cuts 28b are formed on
the surface of the substrate 4 1n a direction perpendicular to
the scribed cuts 184 and 185 on the opposing substrate 1
side, as shown 1n FIG. 15. Long-and-narrow portions 29,
bordered by the scribed cuts 28b, are removed from the
substrate 4. When they are removed, a large-arca empty
panel 39c¢, as shown 1n FIG. 16, 1s formed, in which portions
of the substrate 4 have been removed to form panel sections
4b and 4b. In the empty panel 30c, the connecting terminal
sections 20b formed on the inside face of the opposing
substrate 1 are exposed to the outside by the removal of the
long-and-narrow portions 29.

FIG. 17 1s a view showing the large-area empty panel 30c
of FIG. 16 turned upside down. The plurality 35 of con-
necting terminals of the connecting terminals 205 are con-
nected to the wirings formed on the iner sides of the
opposing substrate land the substrate 4 within the liquid
crystal sealing-1n areas, as a result of which each pixel of a
liquid crystal display section becomes conductive through
the wiring.

In Step P7 of FIG. 19 mm which the liquid crystal 1s
injected, the large-area empty panel 30c of FIG. 16 1s placed
in a space with reduced pressure, followed by dripping of the
liquad crystal at each liquid crystal 1njection opening 164,
after which the pressure around the empty panel 30c 1s
returned back to atmospheric pressure, whereby the liquid
crystal 1s mjected into each of the liquid crystal sealing-in
arcas 17. In the following Step P8 in which the liquid crystal
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1s sealed 1n the area 17, each liquid crystal sealing-1n area 17
1s filled with the liquid crystal, followed by sealing of each
of the liquid crystal mmjection opening 16a with a sealing
agent.

In Step PY in which a lighting test 1s performed, the
scaling of each of the openings 164 1n the large-area liquid
crystal panel 30c of FIGS. 16 and 17 1s followed by various
clectrical tests performed by contacting a test terminal to the
connecting terminals of the exposed connecting terminal
sections 20a and 20b. For example, a lighting test for each
of the liquid crystal display sections 1s performed. The light
test 1s performed to check for possible pixel defects visually
or by 1mage processing, when each of the pixels of the liquid
crystal display-sections are completely turned on and off.
Then, when necessary, corrections are made.

Step P10 of FIG. 19 1s performed to mount an integrated
circuit. When producing a driver mounted type liquid crystal
panel, or the so-called chip-on-glass (COG) type liquid
crystal panel, using the above-described large-area liquid
crystal panel 30c as material, an external terminal of an
integrated circuit chip 31, used as an electrical part, is
connected to each connecting terminal 1n the connecting
terminal sections 206 through an anisotropic conductive film
(ACF) so as to allow electrical conduction. A driving circuit
1s built i each integrated circuit chip 31 1n order to
selectively drive the plurality of electrodes formed on the
opposing substrate 1 and the substrate 4 for liquid crystal
display. Although not shown in the figure, a driving circuit
1s also connected to each of the connecting terminal sections
2006 of the substrate 4b (4) so as to allow electrical conduc-
tion.

As regards the liquid crystal panel, there may be cases
where a tape carrier package (TCP), being an electrical part
with an IC chip mounted to a flexible print plate using tape
automated bonding (TAB) techniques, is to be connected to
a liquid crystal panel, or an IC chip 1s to be connected to a
liquid crystal panel using a flexible wiring plate as an
clectrical part, 1n addition to the case where the aforemen-
tioned COG type liquid crystal 1s to be produced. In
addition, it 1s possible to produce a driver built-in type panel
by forming an active element and a drive circuit within the
connecting terminal section at the same time.

In Step 11 of FIG. 19 m which a display drive test 1s
performed, the liquid crystal display characteristics of the
liquid crystal panel can be inspected after mounting the
integrated circuit chip 31 by performing various electrical
tests, such as a liquid crystal display driving test or operation
test, on the resulting large-area liquid crystal panel 30c after
connection of the integrated circuit chip 31. It 1s also
possible to perform the various electrical tests on the liquid
crystal panel, while an electrical member other than the
integrated circuit chip 31, such as a TCP or a flexible wiling
plate, remains connected to the large-arca liquid crystal
panel 30c, when such electrical members are connected to
the connecting terminal sections 20b.

After performing electrical connection and electrical tests
on the large-area liquid crystal panel 30c, the opposing
substrate 1 and the substrate 4 are cut and divided into the
individual liquid crystal panel sections. Accordingly, as
shown 1n FIG. 18, 1n the large-area liquid crystal panel 30c,
the panel sections 1b, which are formed parallel to each
other, cross the panel sections 4b, which are also formed
parallel to each other. Therefore, the individual liquid crystal
panel sections can be divided by cutting either one of the
opposing substrate 1 and the substrate 4. Consequently, the
panel 30c can be cut 1nto the individual liquid crystal panel
sections, without creating a stress in the liquid crystal panel
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structure, thereby allowing proper division of the panel nto
the 1ndividual liquid crystal panel sections.

As can be understood from the foregoing description, 1n
this embodiment, all of the steps from the substrate process-
ing Step P1 to the display driving testing step P11 can be
performed without cutting one of the large-area transparent
substrates, nor the large-area empty panel, or the large-arca
liquid crystal panel, thus making it unnecessary to perform
the liquid 1njection step P7 or the liquid crystal sealing step
P8 on a plurality of intermediate-area panels, as has been
conventionally the case. In addition, the lighting test step,
Step P9, the integrated circuit mounting step P10, and the
display driving test step P11, can also be per-formed without
completely cutting the large-area panel, thus making it
unnecessary to cut the panel into individual panels to
perform these steps.

Therefore, since the aforementioned steps can be per-
formed without completely cutting the large-area panel, the
manhour required and the number of steps are correspond-
ingly reduced, and, for example, jigs, containers, or other
devices no longer need to be used 1n correspondence with
the different-sized panels, thus permitting each of the pro-
duction steps of FIG. 19 to be performed on the same
large-area panel manufacturing line. This results 1n reduced
production costs and manufacturing time, that 1s increased
production efficiency.

When the liquid crystal 1njection portion removing step
PS5, and the connecting terminal section removing step P6
are performed one after the other, Step P6 can precede Step
PS. In addition, when the substrate removing step comprises
the liquid crystal injection portion removing step P53, and the
connecting terminal section removing step P6, only portions
of the substrate that need to be cut are cut and separated, so
that the next step can be performed on the large-area panel
without cutting 1t into smaller panel sections, thus making it
casier to wash the panel after substrate removal, and pre-
venting production failures resulting form flying glass
pieces. Although poor connection 1s very likely to occur due
to pieces of glass that adhere onto the connecting section
when, for example, an integrated circuit chip or a flexible
substrate 1s connected to the connecting terminal section this
embodiment ensures that such problems will not occur.

FIG. 20 illustrates another embodiment of a liquid crystal
panel production method 1n accordance with the imnvention.
This embodiment differs from the embodiment of FIG. 19 1n
that the seal 16 1s hardened, not immediately after the
opposing substrate 1 and the substrate 4 have been bonded
together 1n Step P3, but after performing the liquid crystal
injection portion removing step P35, and the connecting
terminal section removing step P6, whereby portions of the
opposing substrate 1 and the substrate 4 are removed.

According to this embodiment, the panel sections 1b and
1b can be easily and smoothly slid 1n the direction of arrow
B 1n FIG. 24, since the seal 16 has not yet been hardened.

FIG. 21 1illustrates still another embodiment of a liquid
crystal panel production method 1n accordance with the
invention. The distinctive feature of this embodiment 1s that
after performing the liquid crystal injection portion remov-
ing step P35, and the connecting terminal section removing
step P6, 1n order to remove portions of the opposing sub-
strate 1 and the substrate 4, the liquid crystal i1njection
opening 16a 1s scaled, not immediately after injecting the
liquid crystal (in the liquid crystal injection step P7) without
hardening the seal 16, but after hardening the seal 16.

According to this embodiment, after liquid crystal
injection, hardening of the seal 16 as well as sealing of the
liquad crystal opening can be performed, while the opposing
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substrate 1 and the substrate 4 are kept spaced apart by a
fixed distance, so that the liquid crystal panel can be formed
to a precise thickness.

FIG. 22 1llustrates still another embodiment of a liquid
crystal panel production method in accordance with the
invention. The distinctive feature of this embodiment 1s that
the seal hardening step P4, the liquid crystal injection step
P7, and the liquid crystal sealing step P8, are performed
between the liquid crystal injection portion removing step
PS and the connecting terminal section removing step P6, so

that the step P35, and the step P6 are not performed one after
the other.

FIG. 25 1llustrates a main step of still another embodiment
of a liquid crystal panel producing method 1n accordance
with the mnvention. In this method, portions of a substrate are
removed by a method other than those adopted in the
previous embodiments 1llustrated in FIGS. 23 and 24.

As 1llustrated i FIG. 25, the method 1ncludes or consists

of forming scribed cuts 18a and 18b obliquely on the surface
of the transparent substrate 1, and then exerting force onto
the scribed cuts, forming oblique flanks. This forms a
long-and-narrow portion 19, with the oblique ruptured faces
forming the side faces thereot, so that, as shown 1n FIG. 26,
when the separating tool 21, used to adsorb the long-and-
narrow portion, 1s raised upward 1n the direction of arrow C,
the long-and-narrow portion can be easily taken out, without
having to apply force to the panel sections 15 and 1b. In this
case, 1t 1s also possible to prevent the production of pieces
of glass.

In the embodiment illustrated in FIG. 20, in order to
ensure removal of the long-and-narrow portion 19, the seal
hardening step P4, follows the substrate removing step
comprising the liquid crystal injection portion removing step
PS5, and the connecting terminal section removing step P6,
such that during removal of the long-and-narrow portion 19,
the panel sections 1o and 1b on both sides of the long-and-
narrow portion 19 can be readily moved away from the
long-and-narrow portion 19. As shown 1 FIG. 26, however,
when the side faces of the long-and-narrow portion 19 are
oblique faces, the long-and-narrow portion 19 can be reli-
ably removed without moving the panel sections 15 and 15
horizontally, so that during the substrate removing step, the
scal does not necessarilly have to be in a softened state.
Therefore, the embodiment 1n which the side faces of the
long-and-narrow portion 19 are oblique faces can be suitably
applied to a producing method in which the seal hardening
step P4 is performed before the substrate removing step (that
1s, the liquid crystal injection portion removing step P35 and
the connecting terminal section step P6).

FIG. 27 1llustrates still another embodiment of a liquid
crystal panel producing method 1n accordance with the
invention. In the producing method, the liquid crystal
scaling-1n areas 37 are disposed i1n an orderly and regular
fashion, with each liquid crystal injection opening 36a and
cach connecting terminal section 40 disposed at opposite
sides of its associated liquid crystal secaling-in area 37. In
this case, opening of the liquid crystal injection openings
36a and the exposing of the connecting terminal sections 40
can take place at the same time. However, this 1s true only
when the connecting terminal section 40 1s formed on the
inner face of the other substrate.

Accordingly, even 1n cases where the opening of the
liquid crystal opening and the exposing of the connecting
terminal section occur at the same time, that 1s performed 1n
a single substrate removing step, the substrate removing step
can be performed without completely cutting the large-arca
panel, and the number of steps 1n the substrate removing step
can be reduced.




US 6,195,149 Bl

17

The connecting terminal sections may be formed on two
or more sides of the liquid crystal sealing-in area. In such a
case, 1t 1s possible to expose the connecting terminal section
on one side at the same time the liquid crystal: 1njection
opening 36a 1s opened, as shown 1n FIG. 27, and to expose
the connecting terminal section on another side from another
location where a portion of the substrate has been removed.
In addition, 1t 1s possible to expose two or more connecting
terminal sections on different sides of adjacent liquid crystal
scaling-1n areas from a common location where a portion of
the substrate has been removed.

What 1s claimed 1s:

1. A method for producing a hquid crystal panel by
forming a plurality of liquid crystal sealing-1n areas between
a pair of large-area substrates, at least one of said substrates
being a light-transmitting substrate, and cutting said plural-
ity of liquid crystal scaling-in areas i1nto separate areas, said
method comprising:

forming transparent electrodes which form a plurality of
liquid crystal panels on a surface of each substrate of
said pair of large-area substrates;

forming a plurality of seals, each of which surround said
transparent electrodes required to form one liquid crys-
tal panel, on the electrode-formed surface of one of said
pair of large-area substrates to form said plurality of
liquid crystal sealing-1n areas, and forming liquid crys-
tal injection openings in each of said plurality of seals;

bonding together said pair of large-arca substrates such
that said transparent electrodes of a first one of said pair
of large-area substrate faces said transparent electrodes
of a second one of said pairs of said large-area
substrates, with said secals interposed between said
substrates;

removing a portion of one of said pair of large-area
substrates bonded together such that at least one of said
liquid crystal injection openings 1s exposed;

injecting liquid crystal into said liquid crystal sealing-in
arca through at least one of said liquid crystal 1injection
openings, and then scaling said liquid crystal 1njection
opening; and

dividing said pair of bonded large-area substrates into

separate liquid crystal panels after the liquid crystal
Injection.

2. Amethod for producing a liquid crystal panel according
to claim 1, further comprising forming an active element
ogroup, connected to said transparent electrodes for electrical
conduction, on a surface of one of said pair of large-arca
substrates.

3. Amethod for producing a liquid crystal panel according
to claim 1, wherein said pair of large-area substrates are
glass substrates, and wherein said step of removing a portion
of one of said pair of large-area substrates comprises form-
ing a cut on a surface of one of said glass substrates, and
cutting along said cut by applying a force to said cut, 1n order
to remove a portion of one of said large-area substrates.

4. A method for producing a liquid crystal panel according,
to claim 3, wherein said step of removing a portion of one
of said pair of large-area substrates comprises removing said
portion from at least one of said large-area substrates, with
a gap formed around said portion to be removed formed by
said cutting.

5. Amethod for producing a liquid crystal panel according,
to claim 1, wherein said step of forming a plurality of seals
comprises forming said plurality of seals such that said
liquad crystal injection openings 1n said seals are arranged 1n
straight lines, and wherein said step of removing a portion
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of one of said pair of large-area substrates comprises form-
ing two linear cuts along a direction of arrangement of said
plurality of liquid crystal injection openings disposed in
straight-lines, and removing a long-and-narrow portion,
bordered by said linear cuts, from one of said large-area
substrates.

6. A method for producing a liquid crystal panel according
to claim 5, wherein said step of removing a portion of one
of said pair of large-area substrates comprises removing the
long-and-narrow portion from said large-area substrate,
while panel sections disposed on both sides of said long-
and-narrow portion are shifted away from said long-and-
narrow portion, and wherein said method further comprises
hardening at least one of said plurality of seals after said step
of removing a portion of one of said pair of large-arca
substrates.

7. Amethod for producing a liquid crystal panel according,
to claim 5, wherein said two linear surface cuts are formed

such that said long-and-narrow portion tapers from narrow
to wide from the 1nner side to the outer side of said portion.

8. Amethod for producing a liquid crystal panel according
to claim §, wherein said step of forming a plurality of seals
comprises forming two or more rows of said plurality of
scals arranged such that said liquid crystal injection open-
ings are disposed in straight lines, with said liquid crystal
openings of said seals adjacent to each other and of different
rows, forming pairs of openings, facing each other.

9. Amethod for producing a liquid crystal panel according
to claim 1, wherein said step of removing a portion of one
of said pair of large-area substrates comprises removing a
window-shaped portion from one of said pair of large-area
substrates.

10. A method for producing a liquid crystal panel accord-
ing to claim 9, wherein said step of forming a plurality of
seals comprises forming two or more rows of said plurality
of seals arranged such that said liquid crystal injection
openings are disposed in straight lines, with said liquid
crystal openings of said seals adjacent to each other and of
different rows, forming pairs of openings, facing each other,
and wherein said step of removing a portion of one of said
pair of large-area substrates comprises cutting out and
removing a window-shaped portion from one of said large-
arca substrates such that said liquid crystal 1njection open-
ings forming a pair of facing openings are exposed to the
outside at the same time.

11. A method for producing a liquid crystal panel by
forming a plurality of liquid crystal sealing-1n areas between
a pair of large-area substrates, at least one of said substrates
being a light-transmitting substrate, and dividing said plu-
rality of liquid crystal sealing-in areas into separate areas,
said method comprising:

forming transparent electrodes which form a plurality of
liquid crystal panels and a connecting terminal con-
nected thereto on a surface of each substrate of said pair
of large-arca substrates;

forming a plurality of seals, each of which surround said
transparent electrodes required to form one liquid crys-
tal panel, on the electrode-formed surface of one of said
pair of large-area substrates to form said plurality of
liquid crystal scaling-in areas, forming liquid crystal
injection openings 1n each of said plurality of seals, and
forming connecting terminal sections around each of
said liquid crystal sealing-in areas;

bonding together said pair of large-area substrates such
that said transparent electrodes of a first one of said pair
of large-area substrate faces said transparent electrodes
of a second of said pair of large-area substrates, with
said seals interposed between said substrates;
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removing a portion of one of said pair of large-area
substrates bonded together such that at least one of said
liquid crystal injection openings and at least one of said
connecting terminal sections are exposed;

injecting liquid crystal into said liquid crystal sealing-in
arca through at least one of said liquid crystal 1injection
opening, and then sealing said liquid crystal injection
opening; and

dividing said pair of bonded large-area substrates into

separate liquid crystal panels after the liquid crystal
Injection.

12. A method for producing a liquid crystal panel accord-
ing to claim 11, wherein said step of removing a portion of
one of said pair of large-area substrates comprises two
separate steps of removing a portion of said large-arca
substrate such that at least one of said liquid crystal injection
openings 1s exposed to the outside, and removing a portion
of said large-area substrate such that at least one of said
connecting terminal sections 1s exposed to the outside.

13. A method for producing a liquid crystal panel accord-
ing to claim 11, further comprising performing an electrical
test through said connecting terminal section exposed to the
outside, wheremn said electrical test 1s performed between
said 1njecting of said liquid crystal and said dividing of said
pair of bonded large-area substrates.

14. A method for producing a liquid crystal panel accord-
ing to claim 11, wherein said step of removing a portion of
one of said pair of large-area substrates comprises removing
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long-and-narrow portions of said pair of large-arca sub-
strates such that said long-and-narrow portion of said one
large-area substrate intersects said long-and-narrow portion
of said other large-area substrate.

15. A method for producing a liquid crystal panel accord-
ing to claim 11, wherein said pair of large-area substrates are
olass substrates, and wherein said step of removing a portion
of one of said pair of large-area substrates comprises form-

ing a cut in a surface of one of said glass substrates, and
cutting along said cut by applying a force to said cut,
whereby a portion of one of said large-area substrates 1s
removed.

16. A method for producing a liquid crystal panel accord-
ing to claim 15, wherein said step of removing a portion of
one of said pair of large-area substrates comprises removing
said portion from said large-areca substrate, with a gap
formed around said portion to be removed formed by said
cutting.

17. Amethod for producing a liquid crystal panel accord-
ing to claim 15, wherein a cut 1s formed such that said
long-and-narrow portion tapers from narrow to wide from
the 1nner side to the outer side of said portion.

18. A method for producing a liquid crystal panel accord-
ing to claim 13, wherein said electrical test 1s performed
after connection of at least one electrical member to said
connecting terminal section.




	Front Page
	Drawings
	Specification
	Claims

